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A New Remote Calibration Method of Length Value
Based on Optical Fiber Information Transmission

Lide Fang *, Xuyang Sun, Hengzheng Kong, Honglian Li, Mingjing Chen and Weihua Meng *
Hebei University, Baoding, China

Abstract: The calibration of length is related to the national economy and people's livelihood. The
traditional calibration of length value was sent the uncalibrated instrument to the laboratory and
the intrinsic error of the tested instrument was obtained in the laboratory. However, calibrating the
instrument in the site produced additional error. In this article, a remote calibration method of
length measurement based on optical fiber information transmission following with a proof of
principle system was studied to reduce the additional error. The 1.0-level displacement guide rail
was calibrated according to this method. The results showed that the relative error of guide rail
displacement under different lengths was within 0.6%. The expanded uncertainties of 10 um, 100
um and 1 mm were analyzed respectively. The calibration results meet the actual standards of the
guide rail. This optical method is a good candidate for remote calibration.

Keywords: optical interference; length measurement; fiber optic remote transmission; streak
statistics

1. Introduction

Metrology is an activity to achieve unity of units and ensure accurate and reliable measurements,
which is related to the national economy and people's livelihood [1]. Length is one of the seven
international basic units of measurement, and length metrology plays a very important role in
scientific study and industrial production [2]. Gauge blocks are used to transfer the unit of length to
other length standards [3]. At present, the uncalibrated gauge blocks are usually sent to the laboratory
because the measurement results are easily affected by the field environment. However, the gauge
block may be damaged during transportation. Not only remote calibration can reduce the impact of
these problems., but also can improve the efficiency of calibration verification. Therefore, it is of great
significance to study the remote calibration of length measurement. In this article, an optical remote
calibration system to realize length measurement combining remote calibration technology and
optical fibre sensing technology.

Remote calibration first appeared in developed countries. The National Institute of Standards
and Technology (NIST) has long been responsible for the study on the application of remote
metrology for comparison between laboratories, such as real-time video, audio exchange and data
communication for monitoring remote calibration and comparison [4]. The UK's National Physical
Laboratory (NPL) has proposed three thematic projects for Internet-based metrology, one of which
was to develop general software for a remote calibration service for voltage and resistance, which can
spread to other different metrology fields, such as remote calibration services for optical time domain
reflectometers [5]. The National Metrology Institute of Japan (NMIJ) has also worked on remote
calibration techniques for voltage, frequency, pressure, flow, etc. Akiko Hirai et al. of Japan has
developed a new remote-measurement technique of length in which a low-coherence tandem
interferometer and a single-mode optical fibre are used [6].

The length metrology plays a very important role in the quality assurance of national defense
scientific research and industrial production, which is closely related to people's lives and has
received close attention from countries around the world. Various optical methods have been
proposed, such as laser triangulation method [7, 8], optical lever method [9], structured light method
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[10, 11], confocal microscopy [12, 13] and optical interferometry [14, 15]. Optical interferometry used
interference fringes as the observation value to detect the length value, which can realize nanometer-
level measurement. This measurement method had the advantages of high resolution and high
precision [16, 17]. With the update of measuring devices and the combination of computer-aided
technology, optical interferometry continued to be modernized[18]. Various devices based on optical
interferometry are used to measure surface roughness[19], acceleration[20], temperature[21], and the
device designed in this paper is used to achieve length measurement.

2. Study on the method of length measurement based on optical fiber information transmission

2.1. Methods of realizing length measurement

According to the verification method of the gauge block, the measurement of the length of the
gauge block can be divided into absolute and the relative measurement method [22].

The absolute measurement method of the gauge block was shown in Figure 1(a). The gage block
and the gage block stage created an optical path difference as 4;. 4; was transmitted through the
optical fiber to the interferometer in the laboratory. When the optical path difference between the
interferometers was equal to the gage block optical path difference, the difference between the
mirrors was recorded. This difference was the length of the gauge block to be measured. Another
absolute measurement method was the transmission of interferometric fringes by optical fiber to
achieve length measurements. The movement of the mirror caused the interference fringes to change.
The resulting interference fringes were transmitted through the optical fiber to the detection end of
the laboratory. Since the length of the gauge block was equivalent to the distance moved by the
mirror, the length of the gauge block can be measured according to the change of the interference
fringes. The structure is shown in Figure 1(b).
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Figure 1. Remote absolute measurement of gage block length (a) and interference fringe transmission

(b).

The remote calibration method based on relative length measurement was shown in Figure 2. A
broadband light source in the calibration laboratory emitted light beam. The beam was divided into
two beams after passing through the beam splitter, in which one beam was irradiated on the fixed
mirror, and the other beam was irradiated on the surface of the standard gauge block. These two
beams of light were converged and coupled into the optical fibre, and then transmitted to the end of
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the uncalibrated gauge block. Before placing the gauge block, the optical path difference of the
interferometer in the calibration laboratory and the test site was set to be equal. At this time, the light
intensity value detected by the photodetector was the largest. When the standard gauge block and
the uncalibrated gauge block was placed, the mirror on the laboratory side was moved. When the
light intensity value detected by the photodetector was maximum, the distance A moved by the
mirror was recorded. The distance A was the difference between the uncalibrated gauge block and

the standard gauge block.
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Figure 2. Remote relative measurement method of gage block length.

2.2. Structural design based on different methods

In the structural design of absolute measurement (Figure 3(a)), two combined Michelson
interferometer devices were placed at the remote site end and in the laboratory, respectively. The
measured block was placed in the interferometer at the end to be calibrated. The light source 1 emitted
a light beam, following with divided into two beams after passing through the beam splitter 4, which
were respectively irradiated the fixed mirror 5 and the moving mirror 6. The mirror 6 of the
laboratory was controlled by a precision console. The coherent light generated by the laboratory
measuring instrument will be transmitted to the calibration site through the single-mode fiber 7, and
the light at the calibration site will be detected by the photodetector 12. At the calibration field end,
there would be an optical path difference A; between the surface of the gauge block 9 and the
reflector. When the position of the mirror 6 was moved to the position of optical path difference
between mirror 6 and the mirror 5 being equal to A, the interference fringes had a maximum value.
Currently, the distance of the mirror 6 was 4,. In addition, an optical path difference A, also was
generated between the platform 8 and the mirror. When the mirror 6 was moved again so that the
optical path difference with mirror 5 was equal to A,, the distance of mirror 6 was A,. Then the value
of the gauge block was |1, — 4;| obtained by absolute measurement.

The structural design of the relative measurement was shown in Figure 3(b). After the light
source 9 passed through the beam splitter 7, it irradiated on the surfaces of the mirror 13 and the
standard gauge block 5, respectively. The optical path difference generated by the mirror 13 and the
top surface of the standard gauge block 5 was called Ag;gn44rq- The light was converged by coupler
6 and then imported into the optical fiber [23]. The light was then directed into the user's
interferometer through an optical fiber. The light split by the other beam splitter 10 was irradiated on
the measuring block 15 and the platen. The top surface of the measuring block 15 and the beam
splitter 4 had an optical path difference value. The value of this optical path difference was A. The
concentrated light transmitted the two optical signals to the photodetector through the optical fiber.
The precision displacement device 14 was adjusted. When the optical path difference A and the
optical path difference Asiqnqqrq had the same values, bright streaks were produced. At this time,
the light intensity was the maximum which was detected by the photodetector 1. The distance moved
by the precision displacement device 14 was the difference value of the measured block. The moving
distance was detected by a laser interferometer.
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Figure 3. The structure diagram of remote absolute (a) and relative (b) measurement of gauge block

length.

Relative measurement was based on absolute measurement. A more standard gauge block was
added to the interferometer in the laboratory to verify the calibrated gauge block. The placement of
the gauge block introduces errors. The compensation distance brought by the movement of the mirror
was the error between the gauge block to be checked and the standard gauge block. Therefore, the
displacement of its mirrors was reduced. But the number of its devices increased, and the uncertainty
of measuring devices increased. The absolute measurement had two advantages. One was that and
the uncertainty caused by the components will be reduced for the fewer components being used. The
other was that this method could directly measure the length of the gauge block. However, the
moving distance of the mirror was long, and the influence of uncertainty factors will increase during
the moving process.

In this study, the method of absolute measurement was adopted, and the length measurement
system was designed based on the above structure of absolute measurement. The design of
experimental system was shown in Figure 4. When the power was turned on, the laser produced red
laser light and divided into two beams by a beam splitter. One beam was transmitted and the other
was reflected. The coherent light can be directly coupled into the fiber without a compensating mirror
because of the better coherence of the laser. Due to the total reflection of the fiber, the coherent light
became a circular light source through light propagates in the fiber. When coherent light propagated
out of the fiber, circular fringes were observed. The changes of these fringes were detected by an
optical power meter. When the bright stripes passed through the optical power meter, the voltage
value of the power meter became lower. Conversely, the voltage value of the power meter increased.
These voltage values were quickly detected by the data acquisition card and transmitted to the
computer. To research the voltage changes. In addition, the plane mirror moved with the movement
of the guide rail. There is a certain relationship between the optical path distance that the mirror
moves and the interference fringes. The distance moved by the optical path difference was obtained
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by the number of interference fringes moved. There are experiments of long-distance optical fiber
transmission in Japan[24].
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Figure 4. The principle for length measurement.
3. Design of device based on absolute measurement mode

3.1. Design of experimental system

According to the principle described in fig. 4, the experimental system for length measurement
was built (Figure 5(a)). In this system, a laser with a rated output power of 5 mW was used as the
light source, emitting red light with a wavelength of 635.7 + 0.2 nm. A beam splitter with KBr material
was used to realize the transmission and reflection of the incident beam in the interferometer with
spectral range of 350-8000 cm. Optical fiber was used that can precisely fit the SMF interface with
the coupler being adopted. A moving guide rail with a precision of 10 pm was used to make the
reflection. A photoelectric optical power detector made of silicon material and NI USB6002
acquisition card was used in this system.
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Figure 5. Interference fringe measurement experiment.

3.2. Software design

The flow chart of stripe collection designed by this system was shown in Figure 6. The function
of the software design was mainly to convert the light and dark stripes collected by the power meter
into voltage values for collection. In order to display the voltage values in the form of waveform
diagrams, the acquisition frequency settings, trigger the start button to start collection, channel
settings, taking out the collected files, and setting the device running status were set.
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Figure 6. Stripe acquisition flowchart.

The NI USB6002 acquisition card was used to collect the data, and the LabVIEW software was
used to process the data of the data acquisition system. Function codes of peak statistics, spacing
settings, stripe statistics and stripe reading were imported into MATHSCRPIT, and the number of
stripes and stripe statistics were displayed on the front panel of LabVIEW.

4. Experimental model

4.1. Establishment of Mathematical Models

A remote calibration method of length value based on optical fiber information transmission
was studied. The mathematical model was established according to the method of optical
interferometry. The mathematical model of the length Ad , the number of interference fringe
changes AN and the laser wavelength A was Ad = AN-2A/2.

The relative combined standard uncertainty of the long-distance calibration device based on
optical fiber information transmission designed in this paper should reach u,q < 0.5%. Based on the
above mathematical model, the uncertainty factors affecting the device were analysed, and it is
known that the measurement accuracy of length Ad is mainly affected by the number of interference
fringes AN and the laser wavelength A of the interferometer.

The uncertainty of length Ad can be expressed as the combined standard uncertainty:

0Ad 0Ad
mumz +(Wul)2 1)

2
uy =(
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In the formula, uyyand u, and are the uncertainty of each component.
Then the sensitivity coefficients are:
oAd A
il 2
OAN 2 @)
0Ad AN 3)
oA 2
Because x; (AN. A)are independent of each other, the relative standard uncertainty is expressed
as:
u(Ad)y _ Aty yo AN U,
c — (AN +(— 4 4
[ Ad ] (2 AN ( 2 2 @)

According to the verification regulation of gauge block, the measurement uncertainty of the
second gauge block was 0.5 pm + 0.5L. Because the wavelength and fringe statistics were
independent of each other, the system error was equally distributed. When the displacement guide
moves 1 mm, the measurement error should be less than 550 nm. After calculation, the number of
interference fringes produced by the mirror moving 1 mm was about 3146, and the wavelength of the
light source was 635.7 nm.

According to the principle of error distribution,

JAd o = .
0Ad o =2 .
RN (6)
Therefore, the measurement errors of wavelength and interferometer were respectively as
follows:
o 1
%= and 7 @)
04
o 1
=—=—=12
Ox =], 9Ad ®)
oN

That is, when the length was 1 mm, the limit error of wavelength was 0.3 nm. And the limit error
of fringe counting was 1.2 within the error range of 550 nm.

4.2. Extraction of stripes

The key of the experiment is to extract the number of interference fringes. The information of
the interference fringes into voltage was collected and converted by the optical power meter. The
voltage value was derived, and the fringe statistics were performed using the peak statistics method.
When performing peak statistics, the following steps were designed to obtain the number of stripes,
as shown in Figure 7. Interference fringe processing mainly included three steps: peak statistics,
spacing setting, and stripe statistics.
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4.2.1. Peak statistics

The number of fluctuation peaks was obtained by the method of peak statistics. The change of
the interference fringes was corresponded to the change of the voltage. The voltage value increased
when dark stripes passed and decreased when bright stripes pass. According to the waveform of this
voltage change, the number of stripes was indirectly obtained by counting the number of peaks.
Therefore, the number of peaks and fringes can be obtained by collecting the voltage signal and using
the FINDPEAKS function.

4.2.2. Spacing setting

In order to better estimate the cycle duration and reduce the influence of the interference fringes
caused by the vibration of the mirror, the peak spacing of the sampling points were limited. Since
the sampling frequency of the capture card was 25Khz, the MinPeakDistance function was used to
find the fringe values separated by at least 10,000 sampling point distances. When a peak was
counted, the peaks within 10,000 sampling points before and after the peak would not be counted.
When a stripe changed from light to dark, the voltage value was about 1.2V, between -0.2-1V. This
part of the error could be filtered out with the MinPeakHeight function.

4.2.3. Readout of streak data and model calculation

When the light sources were superimposed and the fixed mirror and the moving mirror in the
system were parallel to each other, the interference image observed on the optical plate was a set of
isoinclined interference rings. Interference fringes of equal thickness occurred when the two mirrors
were not strictly parallel. Since the optical path difference of the incident light in all directions was
equal, the field of view was uniform and the light intensity was the largest when the two mirrors
were completely coincident.

In the interference fringes, with the increase or decrease of d, the fringes emerged or shrunk
from the center. When the displacement of the guide rail was Ad, the fringe variation was N, then

Ad=N-1/2 )
In the formula, 4 was the wavelength of the light source used, and the wavelength used in the

experiment was 635.7 nm. Therefore, the moving distance of the guide rail can be calculated
according to the formula.
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5. Experimental analysis of measuring length based on absolute measurement method

The experiment is carried out indoors with central air-conditioning. Keep 25°C indoors for a long
time. For the calibration experiment of the guide rail, the length is set to 10 pm, 20 pm, 30 pm, 40 um,
50 um, 100 um and 1 mm. During the experimental test, the sampling frequency was designed to be
25 KHz, and 10 data were collected at each point. In order to obtain the number of stripes more
accurately, add decimals to the last number of collected stripe as incomplete fringes to calculate
displacement. It means that the ratio of the last collected voltage and the voltage of the light and dark
changes of the stripes was calculated.

The same measuring point was subjected to repetitive experiments. After the gross error being
eliminated, the site data were compared with the data at the remote computer. The remote calibration
of the field end guide rail was realized.

In order to ensure the reliability of calibration, the absolute error and relative error of different
lengths were calculated.

Absolute error was the absolute value of the difference between the measured value and the true
value, and its formula was as follows:

A=x—x, (10)

Where A is the absolute error, x was the measured value, x, was the true value of the
measured value, which was usually replaced by the conventional true value.
Relative error was the ratio of the absolute error to the true value of the measurand.

r=A/x, (11)
Where A was the absolute error, r was the relative error, and x, was the true value of the
measured value, which was usually replaced by the conventional true value.
5.1. Measurement within 100 um length

The experimental data of the guide rail moving by 10 um were shown in Table 1(a). The average
number of stripes collected by moving 10 um was 31.28. The actual moving distance was 9942.35 nm
calculated by formula 9. As shown in Figure 8(h), the absolute and relative errors of the guide rail
moving by 10 um were -57.65 nm and -0.58%, respectively.

Table 1. The experimental data of moving 10, 20, 30, 40, 50, 100 ym and 1 mm.

No. of Measuring Absolute Relative
No. stripes distance (nm) error (nm)  Error (%)
(a) 10 pm
1 31.3 9948.705 -51.295 -0.51
2 312 9916.920 -83.080 -0.83
3 30.9 9821.565 -178.435 -1.78
4 314 9980.490 -19.510 -0.20
5 312 9916.920 -83.080 -0.83
6 314 9980.490 -19.510 -0.20
7 315 10012.275 12.275 0.12
8 311 9885.135 -114.865 -1.15
9 312 9916.920 -83.080 -0.83
10 31.6 10044.06 44.060 0.44
(b) 20 pm
1 62.7 19929.195 -70.805 -0.35
2 62.5 19865.625 -134.375 -0.67
3 62.3 19802.055 -197.945 -0.99
4 62.5 19865.625 -134.375 -0.67
5 62.3 19802.055 -197.945 -0.99
6 63.8 20278.830 278.830 1.39
7 63.5 20183.475 183.475 0.92
8 62.4 19833.840 -166.160 -0.83
9 63.2 20088.120 88.120 0.44
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10 62.1 19738.485 -261.515 -1.31
(c) 30 pm
1 93.5 29718.975 -281.025 -0.94
2 93.4 29687.190 -312.810 -1.04
3 93.6 29750.760 -249.240 -0.83
4 94.7 30100.395 100.395 0.33
5 94.1 29909.685 -90.315 -0.30
6 95.6 30386.460 386.460 1.29
7 95.5 30354.675 354.675 1.18
8 95.4 30322.890 322.890 1.08
9 95.8 30450.030 450.030 1.50
10 95.2 30259.320 259.320 0.86
(d) 40 pm
1 1249 39699.465 -300.535 -0.75
2 125.0 39731.250 -268.750 -0.67
3 125.1 39763.035 -236.965 -0.59
4 1253 39826.605 -173.395 -0.43
5 126.1 40080.885 80.885 0.20
6 127.2 40430.520 430.520 1.08
7 125.1 39763.035 -236.965 -0.59
8 126.5 40208.025 208.025 0.52
9 125.2 39794.820 -205.180 -0.51
10 1253 39826.605 -173.395 -0.43
(e) 50 pum
1 156.9 49870.665 -129.335 -0.26
2 157.5 50061.375 61.375 0.12
3 156.6 49775.310 -224.690 -0.45
4 156.4 49711.740 -288.260 -0.58
5 157.4 50029.590 29.590 0.06
6 156.5 49743.525 -256.475 -0.51
7 156.7 49807.095 -192.905 -0.39
8 156.1 49616.385 -383.615 -0.77
9 156.9 49870.665 -129.335 -0.26
10 156.6 49775.31 -224.690 -0.45
(f) 100 pm
1 314.7 100027.395 27.395 0.03
2 314.2 99868.470 -131.530 -0.13
3 315.1 100154.535 154.535 0.15
4 3153 100218.105 218.105 0.22
5 314.1 99836.685 -163.315 -0.16
6 314.8 100059.180 59.180 0.06
7 315.6 100313.460 313.460 0.31
8 316.6 100631.310 631.310 0.63
9 316.1 100472.385 472.385 0.47
10 314.9 100090.965 90.965 0.09
() 1mm
1 31474 1000401.090 401.090 0.04
2 3147.1 1000305.740 305.735 0.03
3 31474 1000401.090 401.090 0.04
4 3148.7 1000814.300 814.295 0.08
5 3146.4 1000083.240 83.240 0.01
6 3146.9 1000242.170 242.165 0.02
7 31479 1000560.020 560.015 0.06
8 31452 999701.820 -298.180 -0.03
9 31444 999447 .540 -552.460 -0.06
10 3148.2 1000655.370 655.370 0.07

Figure 8(a) showed the error distribution of the guide rail moving by 10 um, the maximum
absolute error and the maximum relative error were -178.435 nm and -1.78%, respectively. The
maximum error was within the range of a fringe variation and the relative error distribution was
relatively stable. Therefore, the system was reliable in the 10 um measurement range. The detection
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of the length value of 20, 30, 40 and 50 pm was set to further conduct a remote measurement
experiment on the length value.

Table 1(b) was the experimental data of the guide rail moving by 20 pm. The average number of
stripes collected by moving 20 um was 62.73. The actual moving distance calculated by formula 9
was 19938.73 nm. Figure 8(b) showed the error distribution of the guide rail moving by 20 um, the
maximum absolute error and the maximum relative error were 278.83 nm and 1.39%, respectively.
As shown in Figure 8(h), the absolute and relative errors of the guide rail moving by 20 pm were -
61.269 nm and -0.31%, respectively.

Table 1(c) showed the experimental data of the guide rail moving by 30 um. The average number
of stripes collected by moving 30 um was 94.68. The actual moving distance calculated was 30094.04
nm. Figure 8(c) showed the error distribution of the guide rail moving by 30 um, the maximum
absolute error and the maximum relative error were 450.03nm and 1.5%, respectively. As shown in
Figure 8(h), the absolute and relative errors of the guide rail moving by 30 um were 94.038 nm and
0.31%, respectively.

Table 1(d) showed the experimental data of the guide rail moving by 40 um. The average number
of stripes collected was 125.57. The actual moving distance calculated was 39912.42 nm. Figure 8(d)
showed the error distribution of the guide rail moving by 40 pm, the maximum absolute error and
the maximum relative error in this set of data were 430.52 nm and 1.08%, respectively. As shown in
Figure 8(h), the absolute and relative errors were -87.575 nm and -0.22%, respectively.
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Figure 8. Error distribution (a-g) and error distribution at different measurement points (h).

Table 1(e) showed the experimental data of the guide rail moving by 50 um. The average number
of stripes collected was 156.76. The actual moving distance calculated was 49826.17 nm. Figures 8(e)
showed the error distribution of the guide rail moving by 50 um, the maximum absolute error and
the maximum relative error were -383.61 nm and -0.77%, respectively. As shown in Figure 8(h), the
absolute and relative errors were -173.83 nm and -0.35%, respectively.

5.2. 100 um length measurement

Table 1(f) showed the experimental data of the guide rail moving by 100 um. The average
number of stripes collected by moving 100 um was 315.14 and the actual moving distance was
100167.2 nm. Figure 8(f) showed the error distribution of the guide rail moving by 100 pm, the
maximum absolute error and the maximum relative error were 631.31nm and 0.63%, respectively. As
shown in Figure 8(h), the absolute and relative errors of the guide rail moving by 100 um were
167.2nm and 0.17%, respectively.

5.3. 1 mm length measurement

Table 1(g) showed the experimental data of the guide rail moving by 1 mm. The average number
of stripes collected by moving 1 mm was 3146.96 and the actual moving distance was 1000261.24 nm.
Figure 8(g) showed the error distribution of the guide rail moving by 1 mm, the maximum absolute
error and the maximum relative error were 814.295 nm and 0.08%, respectively. As shown in Figure
8(h), the absolute and relative errors of the guide rail moving by 1 mm were 261.24 nm and 0.03%,
respectively.
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5.4. Analysis of measurement results

Figure 8(h) shows the relative error of the guide rail moving by different distances. According
to the calibration of the optical interferometer, the relative error of the moving distance of the guide
rail is less than 0.6%. As the test distance gradually increased, the relative error gradually decreased,
but fluctuated at 50 um. According to the analysis, the accuracy of calibration should be improved
from the following aspects:

(1) According to the theoretical analysis and the existing experimental conditions, the error
should be changed based on 1/2. If a subdivision circuit and a direction discrimination circuit were
added in the process of signal processing, the accuracy of the calibration system will increase by an
order of magnitude.

(2) In the process of fringe counting, the integer number of fringes was calculated. However,
when the first fringe and the last fringe were detected by the optical power meter, the fringes may
not pass through completely. Statistics produced errors in the range of 2 fringes. The fractional part
of the stripes was refined simply, and the fractional part was not detailed designed.

(3) It is necessary to give precise control of the mirror. When the stripe changed with a stripe
moving, the distance corresponding to the mirror movement was half of the wavelength. This
indicated that when the mirror was moved with nanometer scale, the fringe statistics will be more
accurate. And the effects caused by changes in the optical path will be reduced.

5.5. Analysis of uncertainty of measurement

Move the distance of 10 um, 100 pum and 1 mm, the relative error was -0.58%, 0.17% and 0.03%,
respectively. And the absolute error was -57.65, 251.701 and 167.249 nm, respectively. As the
measurement distance increased, the absolute error increased. In addition, the measurement
uncertainty of these three points was solved and analysed.

Table 2. Calculation of measurement uncertainty.

v=8 P=95% 10 um 100 um 1 mm

The average 1000251.7

n
1
X = ;Z X; 9942.348  100167.249
i=1

value 01

Standard o2
s= [&i=t L 64.967 251.260 426.980
deviation n—1
Standard
s
deviation of Sz == 20.559 79.511 135.120
Vn
the average
Standard
uncertainty
u = sz 20.559 79.511 135.120
of the
average
Expanded
uncertainty
U=k=*u 47.492 183.674 312.128
of the

average

Uncertainty of measurement was a parameter associated with a measurement result that
reasonably characterized the dispersion of the measurement result. The smaller the measurement
uncertainty, the smaller the data dispersion and the higher the data quality. Usually, the uncertainty
was expressed in multiples of the standard deviation.
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U=kxu ()

Where U refers to the extended uncertainty, k refers to the inclusion factor, and u refers to the
standard uncertainty.

For the distances of 10 um, 100 um and 1 mm, the uncertainty of type A was calculated, with the
degree of freedom v =9 — 1 = 8, the confidence probability of P=95%, and k=2.31 according to t
distribution table. The results were shown below.

According to the calculation, the measurement of 10 pm, 100 pm and 1 mm was 9942.348 + 47.492
nm, 100167.249+183.674 nm and 1000251.701+312.128 nm, in which v =9 and P = 95%.

6. Conclusions

In this paper, a new method of remote calibration of length value based on optical fiber
information transmission is studied. Based on this, a remote measurement system including
interference system, electrical signal acquisition and data processing was built to verify the length
value. This system adopted the Michelson interference system, which can improve the measurement
accuracy. Also, the use of coherent light propagation could realize the long-distance transmission of
the interference system. The system acquisition was designed and the fringe was acquired by
electrical signal, and the electrical signal was transmitted to the computer to realize remote
measurement. The collected data was processed. The effects of vibration was reduced by setting the
spacing. The number of stripes precisely was read by setting the peak value. The displacement guide
rail is calibrated according to the number of stripes and the mathematical model between stripes and
distances. The remote calibration experiment on the length is carried out, and the minimum relative
error of the guide rail is 0.03% and the maximum relative error is 0.58% under different
displacements. The calibration results meet the actual standards of the guide rail. The experiment
completed the principle verification. This design can be considered as one of the methods of remote
length measurement.
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